ABSTRACT
and cloned into the AflII/SalI sites of pAK28, replacing the cat gene. The resultant construct 117 was designated pAK36 and was used to naturally transform C. jejuni NCTC11168 Δcj0390b 118 and M1 ΔCJM1_0368b. The resulting transformants were designated NCTC11168 cj0390* or 119 M1 CJM1_0368*. Southern blot and PCR analysis were performed to confirm allelic 120 replacement for all mutants. 121 122
Motility assays 123
Motility assays were performed as described by Silverman and Simon [25] . Single 124 colonies were used to inoculate semi-solid (0.4% w/v) MH agar plates. Plates were 125 incubated for 30 hours under microaerophilic conditions. When comparing motilities of wild 126 type and mutant bacteria the diameter of the motility zone was measured for 127 approximately 200 colonies of each strain and the data were analysed using Microsoft Excel 128 and SSPS 11.0 software. The Shapiro-Wilk test of normality was applied to each data set. 129
Since the data was found to be not normally distributed (P < 0.05 for NCTC11168, P < 0.01 130 for NCTC11168 cj0390*), the Mann-Whitney test was subsequently applied to compare the 131 difference in median motility zone diameter between the samples. 132 133 
Phase contrast microscopy

Preparation and Mass Spectrometry analysis of flagellin
149
Intact flagella were purified by a modification of the method of Power et al. [26] . 150
Briefly, 100 ml of MH broth (pre-warmed to 42 o C) was inoculated using an overnight culture 151 at a 1:1,000 dilution. Cultures were incubated for 16 h after which they were pelleted 152 (10,000 x g for 20 min) and re-suspended in 10 mM Tris-HCl, 0.85% (w/v) Tris-NaCl pH 7.4. 153
Samples were placed on ice and homogenised for 2 min using an Ultra-turrax homogeniser, 154
Model T25 S7 (Janke and Kunkel IKA-Labortechnik), in order to shear-off flagella. Cell debris 155 and whole cells were pelleted by centrifugation (10,000 x g at 4 o C for 60 min) to pellet 156 flagella. The supernatant was discarded and the pellet washed in 5-10 ml sterile distilled 157 water and ultra-centrifuged again as described. Pelleted flagella were re-suspended in 1-5 158 ml aliquots and stored at -80 o C until needed. Samples were mixed with 0.5 volumes of final 159 sample buffer, boiled for 5 min and subjected to SDS-PAGE. Pre-cast 4-12% NuPAGE Novex8 in [19] , were used in the XCell Surelock Mini-Cell system (Thermo Fisher Scientific), and gels 162 were stained using the Colloidal Blue gel staining kit (Thermo Fisher Scientific) according to 163 the manufacturer's instructions. Gels were destained and analysed by Mass Spectrometry 164 (Centre for proteomic Research, University of Southampton, UK). Protein bands were 165 excised and subjected to in situ tryptic digestion using the method of Shevchenko et al. 166 [27] . The resulting peptides were separated by nano-reverse phase liquid chromatography, 167 using a Water C18, 3m, 100Å (150 mm x 75 m) column (Waters Biocorporation, USA) and 168 electrosprayed into a Global Ultima quadrupole time-of-flight tandem mass spectrometer 169 (Waters). Operation and data collection was performed using the software MassLynx 4.0 170 (Waters). All MS/MS spectra were automatically processed using ProteinLynx Global server 
Chicken colonisation experiments
188
To establish an initial gut flora, day-of-hatch specific-pathogen-free (SPF) Light 189
Sussex chicks were fed with 0.1 ml of Campylobacter-free adult gut flora preparations. 190
These preparations were generated by taking 1 g of caecal contents from a 50-week old SPF 191 chicken and using it to inoculate 10 ml of LB broth, which was incubated in static culture for respectively, were non-motile on semi-solid agar plates (Fig. 1) . When viewed under phase-222 contrast microscopy, the mutants were non-motile in contrast to the rapid darting motility 223 of C. jejuni wild type cells (data not shown). Electron microscopy showed that the 224 NCTC11168 Δcj0390b and M1 ΔCJM1_0368b possessed flagella that appeared like the wild 225 type (Fig. 2) . To investigate any differences in the glycosylation status of the flagellins, 226 flagella were purified from NCTC11168 wild type and Δcj0390a. Mass spectrometry (MS) 227 (Fig. 3 ) and isoelectric focusing (IEF) gel analysis was performed on the samples which 228
showed that the flagellins samples had no detectable differences (data not shown). Motility 229 plate assays demonstrated that the complemented NCTC11168 cj0390b mutant, cj0390*was motile. However, the diameter of the motility zone was noted to be reduced in the 231 complemented mutant in comparison to the wild type when approximately 200 colonies of 232 each were analysed (Fig. 4) . This suggests that the presence of a FLAG tag at the N-terminus 233 may attenuate the function of Cj0390, thereby reducing motility. 234
The in vitro growth dynamics in liquid culture of the C. jejuni NCTC11168 Δcj0390a 235 mutant was compared with the wild type (Fig. 5) .
C. jejuni CJM1_0368 is essential for the colonisation of 2 week
old chickens
243
Chicken colonisation experiments were performed using C. jejuni strain M1, a natural 244 poultry isolate which is an efficient coloniser of chickens and is also able to cause disease in 245 humans [31] . Five chickens, housed in a single pen, were inoculated with M1 wild type, M1 246
ΔCJM1_0368b or M1 CJM1_0368*. Seven days p.i., chickens were sacrificed and the caecal 247 contents were spread onto Campylobacter selective plates. The viable counts per gram of 248 caecal content revealed that M1 ΔCJM1_0368b failed to colonise the chicken caeca (Fig. 6) . 249
However, C. jejuni M1 wild type and M1 CJM1_0368* colonised to around 1 x 10 9 CFU g -1 of 250 caecal contents. 251 252 4. Discussion gene in M1 (CJM1_0368), is required for C. jejuni motility. This is supported by a partial 255 restoration of motility of the mutants when the wild type gene is restored in cis. Electron 256 microscopy revealed that NCTC11168 cj0390 deletion mutants possess flagella filaments 257 which appeared visually indistinguishable to those of the wild type. Campylobacter flagellin 258 is subject to posttranslational modification. In this study, MS and IEF analyses of flagellin 259 failed to identify any differences in the glycosylation patterns between that of wild type 260 compared to mutant. 261
We found that the NCTC11168 Δcj0390 mutant had a significantly faster growth rate 262 compared to the wild type. This is consistent with previous findings that non-motile mutants CJM1_0368*. Chickens were orally infected with 0.1 ml of a MH broth culture containing 1 x 436 10 9 -1 x 10 10 CFU ml -1 of the C. jejuni strains. Viable counts from serial dilutions of caecal 437 contents of chickens show CJM1_0368*colonised to similar levels as the wild type but 438 ΔCJM1_0368 failed to establish an infection (below detectable limits of 100 CFU/g). C. jejuni 439 M1 wild type (red), M1 ΔCJM1_0368b (blue) and M1 CJM1_0368* (green). 440 
